Abstract Bladder cancer is the ninth most common cancer in the world. Twenty to twenty-five percent of all newly diagnosed bladder cancers are muscle invasive in nature, and further, 20-25% of patients who are diagnosed with high-risk nonmuscle invasive disease will eventually progress to muscle invasive disease in due course of time irrespective of adjuvant intravesical therapies. Availability of newer imaging modalities improves appropriate identification of patients with muscle invasive disease. Radical cystectomy remains the mainstay of treatment for management of muscle invasive disease. Availability of neoadjuvant chemotherapy has improved overall survival. Risk stratification systems are now in consideration to identify patients who benefit maximally from neoadjuvant chemotherapy. Urinary diversion is a major cause of morbidity in these patients, and several strategies are being employed to reduce morbidity. In this article, we review available literature on various aspects of management of muscle invasive disease. Histologically, over 90% of bladder tumors are transitional cell carcinomas. The other subtypes, such as squamous cell and adenocarcinoma, are uncommon and account for 5 and <2%, respectively. Bladder cancer is a heterogeneous disease with a variable natural progression. Urothelial carcinomas can have a component of Bvariant histology^such as squamous differentiation, micropapillary, or adenocarcinoma. Micropapillary variant of urothelial carcinoma is associated with worse prognosis than pure urothelial carcinoma. Around 70% of the patients present with tumors that are superficial and have a tendency to recur. The remaining 30% present with muscle invasive tumors [4] .
Introduction
Bladder cancer is the ninth most common cancer in the world, with 430,000 new cases diagnosed in 2012 [1] . Bladder cancer is three times more common in men than women, with the median age at diagnosis being 73 [2] . According to SEER data, it is the fifth most common cancer in the USA. There were an estimated 75,000 new cases (56,390 men and 18,300 women) and 15,580 (11,170 men and 4410 women) deaths in the year 2014 [3] .
Histologically, over 90% of bladder tumors are transitional cell carcinomas. The other subtypes, such as squamous cell and adenocarcinoma, are uncommon and account for 5 and <2%, respectively. Bladder cancer is a heterogeneous disease with a variable natural progression. Urothelial carcinomas can have a component of Bvariant histology^such as squamous differentiation, micropapillary, or adenocarcinoma. Micropapillary variant of urothelial carcinoma is associated with worse prognosis than pure urothelial carcinoma. Around 70% of the patients present with tumors that are superficial and have a tendency to recur. The remaining 30% present with muscle invasive tumors [4] . disease that is recurrent or invades the lamina propria but not the muscle. Though cystectomy provides the best chance for cure, it decreases the overall quality of life. Among non muscle invasive bladder cancer (NMIBC), non-invasive Ta lesions tend to be less aggressive than T1 lesions that invade the lamina propria. T1 lesions generally tend to be high grade. One problem with HG T1 lesions is the high potential for under staging. This is often due to inadequate sampling of the muscularis propria or even complete absence of muscle in the initial resection specimen. The prevalence of under staging can be as high as 40% [8] . Therefore, pathological HG T1 lesions warrant resampling with a repeat TURBT performed within 4-6 weeks of the initial resection, even if there was a muscle in the initial specimen, to verify the absence of muscle invasion and for more appropriate stage assignment.
MIBC accounts for 20-25% of all newly diagnosed cases. In these cases, the tumor has invaded the muscularis propria. Despite undergoing radical cystectomy, the 5-year cancer-specific survival is estimated to be 60%, with approximately 50% of the patients succumbing to metastatic disease [9, 10] . Invasion of the detrusor muscle and development of hydronephrosis are two important events in disease progression associated with lymph node (LN) positive disease and poor prognosis. [5, 11] In a study on 753 patients, 244 (32%) had hydronephrosis. This study concluded that the side of hydronephrosis predicted the side of lymph node involvement in 84% of the patients [11] .
Presentation and Diagnosis
The most frequently encountered presenting symptom is painless gross hematuria [2, 12] . Occasionally, in the setting of CIS, the patient may present with voiding symptoms such as urinary frequency, dysuria, urgency, or asymptomatic hematuria [4] . Asymptomatic microscopic hematuria is defined as the presence of three or more red blood cells (RBC) per high-power field (hpf). In the setting of gross hematuria, the decision to evaluate further is the norm. In subjects with asymptomatic hematuria, the incidence of bladder cancer can be as high as 20%. Bladder cancer has been detected in 31.5% of patients with gross hematuria and 15.7% with microscopic hematuria [13] . This reiterates the importance of evaluating hematuria.
Voided or catheterized urinary specimen should be sent for microscopic evaluation and culture to rule out foci of infection. A urine dipstick will not suffice, as it cannot differentiate between fresh RBC, myoglobin, and lysed RBC seen in hemoglobinopathies [14] . In low-risk patients, urine cytology may suffice for initial screening. Though urine cytology carries 40-76% sensitivity in detecting bladder cancer, it depends on factors such as the grade and stage of the tumor [15] . Cytology is not very sensitive in detecting low-grade tumors, and this can be disadvantageous because 50-60% of newly diagnosed cases of bladder cancer are low-grade tumors [5, 13] .
There are currently at least four approved and widely available urine-based markers (NMP22 BladderChek, BTA, Urovysion FISH and ImmunoCyt), which are reported to have better sensitivity than cytology for detecting low-grade bladder tumors [16] [17] [18] [19] . Two of these markers (NMP22 BladderChek and BTA) are cell-based markers and are more prone to be affected by hematuria and inflammation. Urovysion FISH and ImmunoCyt are cell-based markers and tend to have higher sensitivity than protein-based markers. However, all the markers have shown lower specificity than voided urine cytology.
Cystoscopy
White light cystoscopy (WLC) is the primary detection method for bladder cancer [20] and is routinely performed to evaluate gross hematuria. Current AUA guidelines suggest that asymptomatic microhematuria in patients above 35 years of age and patients less than 35 years with risk factors (current or past tobacco use, irritative voiding symptoms, chemical exposure, pelvic irradiation) should be evaluated with cystoscopy [21] .
Newer optical agents have been introduced in the recent years. Fluorescent cystoscopy (FC) has particularly shown positive outcomes when used as an adjunct to WLC. For FC, hexaminolevulinate (HAL) dye is instilled intravesically, and it fluoresces when visualized under blue light (refer to Fig. 1a, b) . Several trials have evaluated the use of HAL-BLC in the routine evaluation of bladder cancer. The sensitivity of FC and WLC to detect cancer is 87 and 83%, and the specificity is 92 and 68%, respectively [22] . FC offers a means for improved tumor detection and more complete resection of tumors to prevent recurrence. This is mainly useful for cases of CIS and non-muscle invasive bladder cancer [23] .
Improved Diagnostic Techniques
Optical coherence tomography (OCT) is a new imaging technology, which uses near infrared and the back scattering pattern of various tissues to differentiate cells from stroma and assesses the depth of invasion. OCT provides high resolution (20-30 μm), cross sectional imaging of tissue. Using OCT, one can visualize the mucosa, lamina propria, and the superficial muscularis as layers and identify structural changes in them. It is able to distinguish benign from malignant disease with positive predictive value of 89% and negative predictive value of 100%. With a 100% sensitivity and 92% specificity when it comes to defining MIBC, OCT is valuable to prevent overlooking muscle invasion and to ensure adequate depth of resection of the tumor [24] .
Narrow-band imaging (NBI) uses modified optical filters which split white light into two bands, which are absorbed by hemoglobin. Bladder tumors are highly vascular, and the visibility of the capillaries on the surface and the submucosa is increased. This is a novel method to distinguish between normal and abnormal mucosa. The advantage of NBI is that it can easily be coupled with a standard endoscopic platform; it requires no other markers or dyes and can be performed in real time [25] . Under NBI, the vasculature appears dark green to black against a pale white mucosa, thus enhancing the contrast between tumor and normal epithelium. NBI has been shown to improve detection of recurrent flat and papillary superficial bladder tumors and margins are better defined. It has a false positive rate of 13%, raising concern about unnecessary bladder biopsies and the potential morbidity associated with it [26] . Nonetheless, NBI has excellent tumor detection rates and can therefore be an aide to traditional WLC.
Imaging

CT
CT urography is the primary imaging study performed in bladder cancer, especially in cases where there is a definite reason to suspect a high-grade lesion (high-risk patients, macroscopic hematuria) [27] . CT urography is particularly helpful beyond stage T3b, i.e., involvement of the perivesical fat and surrounding organs and in assessing the ureters and renal pelvis [28] . Sensitivity of CT imaging for diagnosing perivesical invasion is less compared to MRI (89 vs. 100%), but its specificity is greater (95 vs. 73%) [29] .
MRI
MRI is now emerging as an important method of staging bladder cancer. MRI has 100% sensitivity for detecting perivesical invasion. Since MRI is very sensitive, even mild inflammation around the cancerous region can mimic perivesical invasion. This results in over staging of these tumors [28] .
Lymph Node Imaging
As a general rule, pelvic nodes more than 10 mm in short axis dimension are considered abnormal. When pelvic lymphadenopathy is identified, the retroperitoneum should be screened for paraaortic lymphadenopathy. The presence of paraaortic lymph nodes makes the tumor unresectable [30] .
Studies have shown that both CT and MRI are comparable in detecting lymph node metastasis, with a low sensitivity between 48 and 87%. The specificity is low as well, since lymph nodes also enlarge due to benign pathology [28] .
PET/CT Scan
Positron emitted tomography/CT (PET/CT) using F-18 fluorodeoxyglucose (FDG) has become an important imaging modality for staging cancer. With CT and MRI having false negative rates up to 40%, PET/CT offers a more accurate and non-invasive preoperative staging method [31] [32] [33] . CT and MRI use lymph node size as the criterion for diagnosis, which leads to overlooking micrometastasis in normal-sized lymph nodes. Malignant cells are characterized by increased glucose metabolism. Therefore, malignant cells can be visualized as increased uptake of FDG on PET/CT [34, 35] .
The drawbacks of FDG are its short half life (110 min) and are excreted by the kidneys, accumulating in the urinary tract, making it difficult to visualize the urinary system in depth [36] . Its current applications in bladder cancer work-up include evaluation of lymph node involvement and distant metastasis. With a pooled sensitivity of 82% and pooled specificity of 89% based on a meta-analysis of six studies, PET/CT provides better insight compared to CT/MRI. PET/CT detected more malignant disease in 40% of the patients compared to CT and MRI, and clinicians changed the plan of management in 68% of the patients based on results from PET/CT [37] .
Bone scan has 38% sensitivity for detecting cancer, but it has low specificity since reactive changes can also cause isotope uptake. The negative predictive value is 92%. Unless the patient has symptoms of bone pain or an elevated alkaline phosphatase level, bone scan can be avoided in most cases. If a PET/CT is obtained, it will provide information about bone involvement as well. 
Management of MIBC Neoadjuvant Chemotherapy
The use of neoadjuvant chemotherapy (NCT) has been steadily increasing over the past few years. In 2006, 10.2% of the patients undergoing cystectomy received NCT, and the rate has steadily increased to 20.9% in 2010 [38] . [39, 40] It also offers a method to survey the in vivo efficacy of the chemotherapy, which is an important prognostic indicator for cancer-free survival [41] .
The largest study on NCT was conducted by the European Organization for Research and Treatment of Cancer (EORTC) and the Medical Research Council (MRC). They recruited 976 patients with T2 grade 3, T3/T4, N0, and M0 bladder cancer to receive 3 cycles of cisplatin, methotrexate, and vinblastine (CMV) or no therapy prior to cystectomy or radiotherapy. Median survival in the chemotherapy group was 44 months, compared to 36.5 months in patients who received no chemotherapy. 32.5% of cystectomy samples contained no tumor after chemotherapy [42] .
Currently, the two main NCT combinations used are methotrexate, vinblastine, adriamycin, and cisplatin (MVAC) and cisplatin with gemcitabine (GC). The Southwest Oncology Group conducted a study to test MVAC. Three hundred seven patients were enrolled into the study, with MIBC (stage T2 to T4a). The patients were stratified according to age (<65 and >65) and depth of muscle invasion (superficial vs. more extensive) and were assigned to receive 3 cycles of MVAC followed by cystectomy or cystectomy alone. One hundred fifty-four patients received cystectomy alone, and 153 received combination therapy. Patients treated with MVAC did better, with median survival of 77 vs. 46 months in patients who received cystectomy alone. More patients in the combination therapy group had no residual disease compared to the cystectomy group (38 vs. 15%). One third of the patients who received MVAC developed severe gastrointestinal and hematological toxicity, but all of them recovered. It did not increase the patient's risk for complications after surgery nor did it result in them being unfit for cystectomy. The estimated risk of death was reduced by 33% in patients assigned to receive MVAC and cystectomy compared to cystectomy alone [43] .
Currently, GC is the most widely utilized NCT regimen. There is a lack of level 1 evidence supporting the use of GC, and the initial data supporting its use is based on a phase 3 clinical study on MVAC vs. GC involving 405 patients with metastatic disease. The study concluded that the overall progression-free survival was similar in both MVAC and GC. The GC regimen was associated with considerably lesser toxicity compared to MVAC [44] .
The limitations of neoadjuvant chemotherapy include (1) potential delay between diagnosis and definitive management (cystectomy) [45] , (2) depending on clinical rather than pathological staging to administer NCT, and (3) dearth of prognostic biomarkers to determine response to NCT [41] .
A study by Dinney et al. suggested a risk-stratified approach to help decide which patients with MIBC received NCT. They categorized patients as high risk based on the presence of features such as: (1) hydroureteronephrosis, (2) cT3b and cT4a disease, (3) lymphovascular invasion, and (4) variant histology on TURBT. The study concluded that patients with high-risk features have decreased overall 5-year survival, disease-specific survival, and progression-free survival compared to the low-risk group. This distinction between high-risk and low-risk patients helps identify the patients who would most benefit from NCT prior to cystectomy and also spares low-risk patients the morbidity and systemic side effects of NCT [46] .
Radical Cystectomy
The standard form of therapy for patients with MIBC is a cystoprostatectomy for males and an anterior pelvic exenteration (bladder, urethra, uterus, ventral vaginal wall) for females. For less extensive disease, the surgery can be restricted to cystectomy only in females, particularly in younger women who desire preservation of reproductive function [4] . Pelvic lymph node dissection is performed concurrently. After a radical cystectomy, urinary diversion can be either non-continent or continent, and both constructed using a segment of bowel. The cystectomy can be performed using open, laparoscopic, or robotic technique, each presenting its own advantages and shortcomings.
The most commonly used approach for cystectomy is open radical cystectomy (ORC) with extended pelvic lymph node dissection [47] . ORC is associated with high morbidity in the form of increased blood loss, longer hospital stay, and longer recovery time. The recurrence-free survival rate for MIBC at 5 years after cystectomy is around 70%. Recurrence-free survival drops to 50-60% with extravesical spread and down to 35% when lymph nodes are involved [48] .
Both laparoscopic radical cystectomy (LRC) and robot-assisted radical cystectomy (RARC) have longer operating time (RARC more than LRC), but studies show both produce better surgical outcomes with reduced blood loss and shorter length of stay in the hospital [49] . Another important point to factor in is the challenging and long learning curve associated with both LRC and RARC. The rate of positive surgical margins and estimated blood loss has been shown to decrease and reach a plateau, with increasing number of cases performed by the surgeon [50] .
Pelvic lymph node dissection (PLND) is of utmost importance to determine the prognosis of individuals and to identify the patients who will benefit from adjuvant chemotherapy, as node positive disease is associated with high risk for relapse [51] . Lymph node dissection can either be standard or extended. Standard pelvic lymph node dissection includes the distal common iliac, external iliac, hypogastric, and obturator nodes [52] . The extended pelvic lymph node dissection differs from the standard PLND in that, its upper limit is the inferior mesenteric artery [53] . Currently, it is generally reported that 10-15 lymph nodes have to be removed for it to be considered an adequate lymph node dissection.
Radical TURBT
Radical TURBT can be considered for patients who have a single tumor, that is, <3 cm, no CIS present, and there is no hydronephrosis. Such tumors can be resected completely and is the approach used in patients with poor performance status. In one study of 432 patients with MIBC, 99 patients were treated with TURBT alone. The 10-year disease-specific survival was 76% compared to the 71% survival in those who underwent immediate cystectomy. Patients were followed up every 3-6 months, and non-invasive recurrences were treated with TURBT and, in some cases, intravesical BCG therapy. The drawback of radical TURBT is that even with regular surveillance, there is an 8-16% risk that retained, or recurrent tumor can eventually progress and cause death [54] .
Radiotherapy
Radiotherapy (RT) has emerged as one of the bladder preserving modalities, and is delivered in conjunction with maximal TURBT and chemotherapy, known as combined modality therapy (CMT). The rationale behind combining chemotherapy with radiation is to address the micrometastasis that may have already developed and to prevent tumor cells from repopulating during radiation cycles [48, 55] . CMT generally utilizes a single agent chemotherapy such as cisplatin administered along with radiation to increase radiosensitivity of the tumor. The radiation is delivered over 6 weeks following maximal local tumor ablation. Multiple prospective trials have evaluated various CMT protocols. A recently published pooled analysis demonstrated that, for patients with similar stages of MIBC, CMT has long-term disease-specific survival comparable to immediate radical cystectomy. In this study, 69% of the patients demonstrated a complete response to CMT, with 5 and 10-year disease-specific survival rates of 71 and 65%, respectively. CMT can prove to be a valuable alterative for patients who are not candidates for cystectomy or those who are determined to keep their native bladders. [56] Optimal response to CMT is achieved in well-selected patients with a single tumor <3 cm, without hydronephrosis, and in the absence of CIS.
Radiotherapy is controversial in the adjuvant setting. A few studies from the 1980s demonstrated the high incidence of rectal toxicity and small bowel obstruction associated with adjuvant radiotherapy [57] . Better dosing strategies are now being explored to reassess adjuvant radiation after cystectomy [58] .
A study by the Danish vesical cancer group compared outcomes between preoperative radiation followed by cystectomy and radical irradiation followed by salvage cystectomy in case of residual tumor. The results of their study showed higher rate of survival in the patients who underwent radiation followed by cystectomy compared to radical irradiation with salvage cystectomy in case of the presence of residual tumor and demonstrated that radiation alone is not very effective in treating MIBC [59] .
Adjuvant Chemotherapy
Adjuvant chemotherapy can be given to patients at high risk for developing tumor recurrence after cystectomy, i.e., T3-T4 N0/N+ disease. It provides the option to single outpatients at high risk for surgical failure and only treat those patients with chemotherapy. The major disadvantage is that the patient undergoes a cystectomy nonetheless, and there is a delay in addressing occult metastasis. Absence of tumor recurrence is the only way to evaluate response to adjuvant chemotherapy [39] . Cisplatin-based combination chemotherapy has been shown to have a fair response rate [60] . Many adjuvant chemotherapy trials have been suspended prematurely, leading to dearth of data to make definitive recommendations.
The EORTC conducted a randomized phase 3 trial on patients with T3-T4 and patients with node positive MIBC, who underwent radical cystectomy and PLND. Patients were randomized to immediate treatment and deferred treatment groups. The study found no significant improvement in overall survival in the immediate treatment group compared to the treatment-deferred group [61] . This suggests that the timing of adjuvant or early salvage chemotherapy following cystectomy does not impact survival. Despite lack of level 1 evidence supporting the use of adjuvant chemotherapy, it is still widely administered [62] .
Urinary Diversions
After the cystectomy has been performed, the next step is to determine the best possible way to divert urine. Urinary diversions can either be non-continent (ileal conduit) or continent (cutaneous reservoir, orthotopic neobladder). There is no consensus on the best surgical option, and in most cases, the diversion is adapted to the patient's needs and the surgeon's expertise [63] .
The ileal conduit is a form of non-continent diversion using a segment of ileum, which opens externally and drains continuously into a urostomy bag. The ileal conduit has a shorter operative time, and it can be performed in patients with poor baseline renal function. It has the disadvantage of being cosmetically unappealing, and is at higher risk of upper tract infection and deterioration. Since urine continuously drains out into the urostomy, there is a lesser chance of developing acidosis [64] .
Continent diversions can either be cutaneous diversion or an orthotopic neobladder. The most popular cutaneous diversion is the Indiana pouch. The pouch is constructed using a tubularized segment of the distal ileum that serves as the channel to a detubularized pouch made of the cecum and proximal right colon. The Indiana pouch uses the ileocecal valve to help increase the resistance to the outflow of urine. The patient has to self-catheterize to drain urine. The disadvantage is that the patient has to drain the urine frequently and should also possess a certain amount of dexterity to do the same. Long-term complications include stone formation and acidosis [64] .
A neobladder can be constructed using segments of the ileum, colon, or sigmoid colon. The terminal ileum has the capability to store urine at low pressure and can store large volumes. The segment of bowel is configured into a BU^or BW^shape and detubularized to make a spherical reservoir, and it is anastomosed to the patient's native urethra [65] . The frequently used configurations are the Studer (U) neobladder or the Hautmann (W) neobladder. Ureteric anastomoses are often performed in a refluxing manner to the proximal portions of the neobladder, which are left nondetubularized. Neobladders are associated with the risk of urinary incontinence, that is, especially worse at night and urinary retention, which is particularly more common in women. The compliance and capacity of the neobladder increase overtime. So it usually takes 6-12 months postoperatively to achieve nighttime urinary control [66] .
Complications common to all types of diversions include urinary tract infections (UTI), deterioration of renal function, recurrent urolithiasis (struvite stones), metabolic acidosis, stomal stenosis, and stomal herniation. The overall long-term complication rate of urinary diversions approaches 60%, with stomal complication and UTIs being the most common [67] .
Orthotopic neobladders are perceived to have better outcomes compared to cutaneous diversions (continent and non-continent), but surveys have shown no significant difference in overall quality of life [68] .
Conclusions
Management of invasive bladder cancer is challenging and evolving. For patients with invasion into the lamina propria, an initial trial of intravesical therapy after a repeat TURBT would be customary. For patients with MIBC, particularly those with high-risk features such as hydronephrosis or lymphovascular invasion, neoadjuvant chemotherapy followed by cystectomy would be the best option. Chemotherapy followed by cystectomy would benefit patients with regionally extensive disease without distant metastasis, particularly if they respond to initial chemotherapy. For those with MIBC but no high-risk features, proceeding straight to radical cystectomy may be more appropriate. Adjuvant or salvage chemotherapy should be considered in patients who are found to have pathological T3b or N+ disease following cystectomy, when it was not suspected preoperatively. Urinary diversion is a major aspect of management of MIBC post cystectomy. There is no consensus on the best procedure for diversion. The current practice is to tailor the diversion according to the patient's general health and the surgeon's expertise. Bladder cancer is a very morbid disease. Hence, it is important to clarify what is to be expected with each treatment modality and to adequately prepare the patient.
